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Utility  and  Railroad  R;9"^-°J:W^x  nc1ty  and  environmental  impact  of  four- 
1983.    This  report  examined  the  tox  city  ana  en  ox1c1ty  herb.icide  and 

teen  herbicides     «™  J ^     ^     /tt't  StI  be^considered 
Z'Zl^  from  ^i1t1f°acceptable  herbicides  to  be  used  on 
rights-of-way"    (Harrison  Biotech,  198.3) . 

Recent  steps  taken  to  address  the  concern  over  amitrole  have  been: 
1        June  4    1984,  Massachusetts  Pesticide  Board  Subcommittee 

SSLs  saw:  msstfz  ss±«.. 

2.      August  31. .1984   Notification  of  the  Intention  tc J  Conduct  J 

Comprehensive  Review       the  Use  of  A-™'^        t0  Registrants 
orAmifrfore^ContainincPpesticide  Products  which  are  currently 
registered  for  use  in  Massachusetts. 

4-  n*  onh-Hr  HPalth    Center  for  Health  Promotion  and 
Therefore,  the  Department  of  P^lic  Hea  th    le nter  pertinent 
Environmental  Disease  Prevention  ha    co  ^c^ed  jnd  ^e  rflle  were 

health  information  available  ^^^l^^ew  appears  as  Sections  1 1  - 
5!  r^e^^o  beenV^^'and  appears  as  Section  IX. 
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I. 


SUMM/.RY 


The  public  health  concerns  regarding  amitrole 
aspects : 


focus  on  the  following 


A. 


Amitrole  is  a  carcinogen. 


Data  from  three  types  of  stulies:    short-term  tests,  animal 
studies  and  human  studies  are  usually  considered  in  determining 
whether  or  not  a  suL stance  is  a  carcinogen. 

1 .  Short  Term  Tests 

Amitrole  was  muti  genie  i.i  fur g i  and  produced  cell  trans- 
formation in  Syrian  hamster  embryo  cells.    Although  it 
was  negative  in  the  Salmo.iel  1  a    assay  and  Escherichia 
col i  pol  A  system,  amitroia  gave  positive  results  in 
DNA-Cel 1-Binding  assay  employing  Escherichi a    col i    and  a 
host-mediated  testing  response  in  Salmonella    typhi  - 
muruium.    Some  carcinogens  may  not  be  detectable  as  muta- 
gens in  the  present  in  vit'-o  systems.    This  group 
includes  thyroid  active  conpounds  (Bartsch,  H.  Tomatis, 
L.  and  Malaveille,  C.  1982..    It  is  not  surprising  then 
that  as  a  chemical  which  e>erts  some  of  its  effect  on  the 
thyroid,  amitrole  has  not  always  gi.ven  positive  results 
in  short-term  tests. 

2 .  Animal  Studies 

There  is  a  remarkable  consensus  among  expert  agencies  and 
committees    Environmental  Protection  Agency  (EPA), 
National  Toxicology  Program  (NTP),  International  Agency 
for  Research  on  Cancer  (IARC)  and  Carcinogen  Assessment 
Group  (CAG)  that  amitrole  is  a  definite  carcinogen  which 
induces  thyroid  and  liver  tumors  in  two  species  of  ani- 
mals.   These  groups  have  recoTimended  that  in  the  absence 
of  adequate  data  in  humans,  it  is  reasonable  for  prac- 
tical purposes  to  regard  amitrole  for  which  a  causal 
association  in  two  species  has  been  seen,  as  if  it 
presented  a  carcinogenic  risk  for  humans.    One  animal 
study  used  amitrole  as  a  positive  control  to  determine  if 
120  other  chemicals  were  care  nogens  (Innes,  J.  et  al . , 
1969).    Although  it  has  been  claimed  that  the  effect  of 
amitrole  on  the  thyroid  is  re\ersible, (Hazelton 
Laboratories,  1959)  there  is  ro  evidence  in  this  study  to 
support  that  claim. 
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3.       Human  Studies 


There  have  been  three  human  studies  in  occupational ly 
exposed  groups.    Swedish  railroad  workers  exposec  to 
amitrole  and  other  herbicides  were  the  subject  o.  two 
mortality  studies.    The  first  study  showed  a  slight  but 
statistically  significant  excess  of  cancer  when  all  sites 
were  considered  together.    Since  there  was  exposure  to 
several  different  herbicides,  it  is  not  possible  to  eva- 
luate the  observed  excess  tumor  incidence  as  clearly 
related  to  amitrole  (Axelson,  0.  and  Sundell,  L.  1974). 
The  second  study  extended  the  follow-up  time  of  the 
first.    Once  again,  the  exposure  was  to  several  her- 
bicides and  there  was  an  excess  of  all  sites  of  tumors 
(Pxelson,  0.  et  al . ,  1980).    These  small  cohort  studies 
do  not  rule  out  that  amitrole  may  be  carcinogenic  to  man. 
The  third  human  study  included  medical  monitoring  and 
assessment  of  exposure  of  5  applicators  carried  out  over 
10  work  days  (Dynamac  Corporation,  1984).    While  the 
study  showed  an  Increase  in  thyroid  stimulating  hormone 
(TSH)  level,  which  may  lead  to  neoplasia,  the  number  of 
subjects  and  the  length  of  exposure  are  inadequate  to 
demonstrate  statistical  significance.    However,  the  rela- 
tive risk  for  humans  exposed  during  a  typical  application 
has  been  calculated  from  the  animal  data  and  foundto  be 
very  high. 

Risk  Assessment  for  Amitrole 

Amitrole  acts  in  all  respects  like  a  classical,  complete, 

direct  acting,  genotoxic  carcinogen.    Therefore,  its  carcinogenic 

action   :t  high  doses  indicates  that  it  is  also  carcinogenic  at 

much  lover  doses.    There  is  no  evidence  o^  a  threshold  for  the 

carcinocenic  action  of  amitrole.  Even  if  the  existence  of 

a  threshold  could  be  shown  on  theoretical  grounds,  there  is  no 

available  technique  for  determination  of  a  threshold. 


There  is  a  plausible  case  that  amitrole  causes  thyroid  and 
pituitary  tumors  through  an  indirect  method  by  interfering  .nth 
the  synthesis  of  thyroid  hormones,  and  that  there  is  there7 ore 
a  threshold  for  this  carcinogenic  action.    However,  ami t re :e 
also  indices  liver  tumors,  sarcomas,  and  tumnrs  of  other  .ites. 
It  tests  positively  in  short  term  assays  for  'arious  forms  of 
mutagenicity  and  transformation  in  cell  culture.  Together 
these  iniicate  that  amitrole  should  be  treated  as  a  classical 
carcinogen  with  no  threshold  of  activity. 
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A  risk  assessment  was  made  for  amitrole  using  the  one  hit,  cr 
linear  no  threshold  model.    Of  all  the  bioassays  on  amitrolj 
only  the  one  by  Vessel inovitch  met  the  conditions  to  be  usd 
for  risk  assessment.  In  the  remaining  bioassays  either  thv.  dose 
was  so  high  that  risk  assessment  was  confounded  by  competing 
causes  of  death,  or  too  few  animals  were  at  risk.  Extrapolation 
between  species  was  made  using  dose  of  amitrole  per  suffice 
area  per  day  as  the  appropriate  equivalent  units.    The  pro- 
jected risk  for  applicators  for  lifetime  exposure  ranged  from 
0.31  for  regular  clothing  and  100%  dermal  absorption  to  0.028 
for  protective  clothing  and  30%  dermal  absorption.    These  risks 
are  high,  but  the  exposure  to  applicators  is  very  high.  Risks 
are  accordingly  many  orders  of  magnitude  lower  for  persons 
with  incidental  contact  with  amitrole. 


C .  Amitrole  is  absorbed  and  distributed  throughout  the  body. 

Animal  studies  show  that  amitrole  is  rapidly  absorbed  dermal ly, 
as  well  as,  through  inhalation  and  via  the  gastrointestinal 
tract.    It  is  transported  throughout  the  body  and  metabolized 
to  a  small  extent  in  the  liver.    The  main  excretion  product  at 
24  hours  is  amitrole. 

D .  Amitrole  is  persistent  in  soil  and  transported  by  water. 

Amitrole  persists  in  soil  for  about  a  month.    It  persists  in 
water  for  200  days  and  is  transported  by  water. 


Actions  for  co isideration  for  Subcommittee 

1.  Allow  products  to  retain  General  Registration,  or 

2.  Restrict  use  to  certified  applicators,  or 

3.  Restrict  use  to  certified  applicitors  with  the  imposition 
of  additional  Conditions  of  Registration,  or 

4.  If  1,  2  or  3  are  effected  by  t!-e  Subcommittee,  a  recom- 
mendation should  be  considere'  for  the  development  of 
additional  regulations  by  the  Department  of  Food  and 
Agriculture,  or 

5.  Revoke  or  cancel  the  Registration. 
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II.  CARCINOGENICITY 

The  Environmental  Protection  Agency  (EPA)     notified  registrants  on  June 
16,   1971  that  all  formulations  containing  amitrole  and  "bearing  use  directions 
for  food  crops  would  be  cancelled  because  thi :  chemical  was  a  carcinogen  in 
experimental  animals"  (EPA,  March   1984).     Th^  EPA  initiated  a  Special  Review 
of  Amitrole  in   J984.  It  determined  that  amitrole  is  oncogenic  in  th»  thyroid, 
pituitary  and  liver  of  laboratory  animals.     EPA    further  determined  that: 

"...amitrole  caused  oncogenic  effects  in  laboratory  animals 
and  that  applicator  exposure  and  oncogenic  risk  were  high.'' 
(49  Fed.   Reg.   20546,  May   15,  1984) 

The  Massachusetts  Right-to-Know  list  included  amitrole  as  a  carcinogen. 
Several  other  national  and  international  agencies  have  examined  the 
carcinogenicity  of  amitrole. 

The  National  Toxicology  Program  (NTP)   listed  amitrole  as  a 
substance".,  that  maybe  reasonably  anticipated  to  be  a  carcinogen."  piii 
(National  Toxicology,   1983)*     This  agency  stated  that: 

"There  is  sufficient  evidence  of  the  carcinogenicity 
of  amitrole  in  experimental  animals;  the  evidence  of 
carcinogenicity  in  humans  is  considered  inadequate. 
Amitrole  was  carcinogenic  in  several  strains  of  mice 
and  rats,  producing  thyroid  and  liver  tumors 
following  administration  in  drinking  water,  diet,  or 
by  stomach  tube,  or  subcutaneous  injection."  p20 
(National  Toxicology  Program, 1983) • 

The  Carcinogen  Assessment  Group  (CAG)  prepared  a  list  of  chemical 
substances  for  which  substantial  or  strong  evidence  exists  that  exposure  to 
those  chemicals  under  certain  conditions  "causes  cancer  in  humans,  or  can 
cause  cancer  in  animal  species  which  in  turn,  make  them  potentially 
carcinogenic  in  humans"  p1  (Carcinogen  Assessment  Group's     List  of 
Carcinogens,   1980).     Amitrole  was  listed  as  a  chemical  having  substantial 
evidence  of  carcinogenicity.     The  group  further  clarified  the  term 
substantial : 

"...  has  b -en  used  to  cover  carcinogenic  evidence  ranging 
from  sinple,  clear-cut  responses  in  animal  studies  to 
stronger  evidence  in  multiple  species  and  results  from 
human  S'  udies."  p1   (Carcinogen  Assessment  Group's  List 
of  Carcinogens,  1980). 
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The  American  Conference  of  Indus*  -ial  Hygienists  (ACIH)  listed  amitrole  as 
a  substance  suspect  ^f  carcinogenic  potential  in  man.     This  classification  is 
based  upon 

"...  eith  r   (1)   limited  epidemiologic  evidence, 
exclusive  of  clinical  reports  of  single  caser, 
or  (2)  demonstration  of  care inc genesis  in  one 
or  mor--'  animal  species  by  appropriate  me*  hods  ' 
p42  (American  Conference  of  Industrial 
Hygienists,  1983-1984). 

The  International  Agency  for  Research  o.i  Cancer  (IARC)  Presently,  no 
objective  criteria  exist  to  interpret  data  from  stucies  in  experimental 
animals  or  short-term  tests  directly  in  termt.  of  hum  in  risk.     In  the  absence 
of  sufficient  evidence  from  human  studies,  evaluation  of  oarcinogenic  risk  to 
humans  was  based  on  consideration  of  experimental  evidence.     IARC  considered  a 
combination  of  sufficient  evidence  in  animals  and  inadequate  data  in  humans  as 
the  criteria  for  classifying  substances  as  probably  cai  cinogenic  to  humans 
(IARC,  1982). 

The  Commonwealth  of  Massachusetts,  Generic  Environmental  Impact  Report  was 
prepared  to  develop  guidelines  for  the  use  of  herbicides  on  rights-of-way.  As 
a  result  of  the  review  of  data,  the  report  stated  that  amitrole  was  in  the 
high-toxici ty  category  and  of  the  14  herbicides  considered,  only  amitrole,  "as 
a  carcinogen,  clearly  belongs  in  this  category"  p81  (Ha-rison  Biotech,   1983)  • 
The  report  clearly  recommended: 

"...     amino triazole,  should  be  considered  for  removal 
from  the  list  of  acceptable  herbicides  to  be  used  on 
rights-of-way  in  Massachusetts"  p8l  (Harrison  Biotech, 
1983) 

There  is  no  doubt  that  amitrole  causes  cancer  in  animals.  When  precise 
answers  are  not  available,  agencies  should  consider  making  decisions  on  the 
best  available  evidence.  Several  agencies  listed  above  h.ive  concluded  that 
amitrole  is  reasonably  anticipated  to  be  a  carcinogen.  Tie  statements  made 
concerning  amitrole  in  this  context  are: 

1.  Applicator  exposure  and  oncogenic  risks  were  high  (EPA), 

2.  Reasonably  anticipated  to  be  carcinogenic  in  humars  (NTP) 

3.  Potentially  carcinogenic  in  humans  (CAG) 

4.  Suspect  of  carcinogenic  potential  in  man  (ACIH) 

5.  Probably  carcinogenic  in  humans  (IARC) 

The  evidence  points  to  amitrole  as  a  human  carcinogen. 


III.  MECHi1  JISM  OF  ACTION 


.  Inhibition  of  Tlr/roid  Peroxidase 


Amitrole  acts  on  the  thyroid  gland  by  inhibiting  thyroid  peroxidase, 
an  enzyme  essential  in  the  synthesis  of  the  thyroid  hormones, 
triiodothyronine  (T3)  and  thyroxine  (T4).     This  mechanism  appears  to  be 
similar  in  rodents  and  nan. 


Amitrole  } 
c  Monoiodotyrosine  IT 3 

Thyroglobulin  +  I  -f^  +   ^  +  *      stimululatioa^TSH  stimulation  THYROID 

Diiodo  '.yrosine  ^ 

The  synthesis  of  triiodothyronine  (T3)  and  thyroxine  (T4)  inyolves 
the  iodination  of  tyre  sine  by  thyroid  peroxidase  to  form  monoido tyrosine 
and  di iodotyrosine  which  in  turn  couple  to  form  T3  and  T4.  The  decreased 
thyroid  hormone  level  produced  by  amitrole  increases  pituitary  secretion 
of  thyroid  stimulating  hormone  (TSH)  which  stimulates  the  thyroid  gland 
to  compensate  for  the  decreased  hormone  level. 


The  thyroid  not  only  synthesizes  but  stores  and  secretes  a?;  necessary 
the  thyroid  hormones.     The  secretion  of  these  hormones  is  regulated  by 
thyroid  stimulating  honnone'  (TSH),  which  initially  is  regulated  by  the 
amount  of  T^'and  T4  circulating  in  the  blood.     In  other  words,  there  is  a 
circulatory  feedback  mechanism  of  control  of  the  thyroid  hormones.  As 
with  other  hormones,  T3  and  T4  are  transported  in  the  blood  to  the  target 
organs.     The  primary  effect  is  believed  to  be  stimulation  of  protein 
synthesis,  which  results  in  production  and  utilization  of  energy.  These 
hormones  also  play  a  vitfl  role  in  the  growth,  differentiation,  and 
development  of  the  individual.     Clearly,  the  inhibition  of  thyroid 
peroxidase  by  amitrole  no    only  affects  the  thyroid  gland  by  interfering 
with  T3  and  T4  synthesis  .md  secretion  but  also  the  general  metabolism  of 
an  individual. 


The  effects  of  thyroid  peroxidase  inhibition  are  threefold.  First, 
the  resulting  decrease  in  T3  and  T4  will  produce  overstimulation  of  the 
thyroid  gland  which  will  induce  enlargement  of  the  thyroid  gland.  This 
condition  can  lead  to  neoplasia.  (Environ  Corp,  1984). 

Secondly,  the  decreased  level  of  thyroid  hormones  will  alter  the 
cellular  reactions  in  practically  every  organ  and  tissue  in  the  body.  It 
will  affect  the  basal  metabolic  rate,  growth  and  O2  consumption  of  the 
whole  organism.     On  the  molecular  level,  decreased  thyroid  horircne  levels 
will  interfere  with  proteii  synthesis  resulting  in  altered  rates  in  more 
than  100  enzymic  systems  ( Vhite,  A.,  Handler,  P.  and  Smith,  E.  1973). 
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Thirdly,  hypothyroidism  is  associated  with  significant  changes  in 
renal  function  in  humans,  as  well  as  in  experimental  animals  following 
drug  induced  hypothyroidism.     A  study  of  kidney  structure  of  rats  fed 
amitrole  500mg/g  feed  for  four  weeks  shows  deci  ease  in  kidney  weight  due 
mainly  to  a  reduction  of  cortical  tissue.     The-e  is  a  decrease  in  the 
peritubular  diameters  of  both  the  proximal  tubules  and  the  thick 
ascending  limb  of  the  distal  convoluted  tubules.     A  decreased  cell  height 
in  the  thick  ascending  limb  of  the  distal  convoluted  tubules  is. also 
seen.     These  amitrole  induced  changes  in  the  xidney  could  be  prevented  by 
simultaneous  treatment  with  T4  (Davis,   R.G.  et  al . ,    1983) • 

B. Inhibition  of  Other  Enzymes 

Mice  injected  twice-daily  with  amitrole  ( Img/g  b.w.)  and  fed  pellets 
containing  1%  amitrole  have  significantly  lower  (141  of  normal)  catalase 
activity  (Jones,  G.L.  and  Neill,  A.R.,    1982).  Catalase  catalyzes  the 
decomposition  of  hydrogen  peroxide  to  water  and  oxygen.  Catalase 
elimination  of  hydrogen  peroxide  is  important  as  this  compound  is 
extremely  reactive  and  capable  of  irreversible  damage  to  various 
biomolecules  (Lehninger,  A.,  1975) 

Other  studies  have  shown  that  amitrole  inhibits  heme  biosynthesis  in 
mouse  and  rat  liver.     As  a  consequence  of  this  inhibition,  amitrole  also 
inhibits  adipose  differentiation  of  mouse  3T3  cells  to  adipocytes  in 
vitro .     This  mechanism  is  confirmed  by  the  simultaneous  addition  of  hemin 
and  amitrole  which  prevents  the  inhibition  of  adipose  differentiation. 
(Chen,  J.J.  and  London,   I. M.,  1981). 


It  can  be  seen  that  inhibition  of  thyroid  peroxidase  by  amitrole 
would  have  effects  throughout  the  body. 
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IV.  METABOLISM 

The  main  excretion  product  of  a  single  oral  dose  of  1 ^C-amitrole  tc  r?ts 
is  amitrole.     Small  amounts  of  total  24  hour  urine  radioactivity  are  two 
metabolites,  metabolite-1  (25%)  and  metabolite-2  (1?/.     The  liver  is  the  site 
of  metabolite-1  formation.     Extracts  of  all  tissue  uxcept  liver  and  kidney 
contain  mainly  amitrol?  with  a  ^race  of  raetaboli te-1 .  The  removal  of 
metabolite-1  from  liver  is  much  slower  than  removal  of  amitrole  and  is  similar 
to  the  rate  of  decrease  of  catalase  inhibition.     The  authors  state  that 
metabolite-1  might  be  the  toxic  agent  responsible  for  liver  catalase 
inhibition.   (Fang,   S.C.,  Geroge,  M.  and  Yu.  T.C.,  1964). 

Human  metabolism  of  amitrole  appears  to  be  similar.     A  urine  sample  taken 
some  hours  after  a  39  year  old  woman  ingested  20  mg/kg  of  amitrole  contained 
unchanged  amitrole.     No  metabolites  were  found.     (Menzie  ,C.M<?  1978  cited  in 
Toxicology  Data  Bank). 
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V.  ABSORPTION 

Animal  studies  show  that  amitrole  can  b<    absorbed  dermally,  through 
inhalation  or  via  the  gastrc  .ntestinal  tract. 

1 .  Absorption  of  Aerosilized  Compounds  frcm  the  Rat  Lung 

An  investigation  of  aerosolized  amitrole  inhaled  through  ;■.  trachael 
cannula  demonstrates  that  50%  of  the  compound  is  absorbed  by  the  lung  in  1.3 
minutes.     The  experiment  A  design  included  12  nonvolatile  (  rugs  of  diverse 
physicochemical  properties.     The  authors  considered  procainamide  (50% 
absorption  in  2.3  minutes)  to  be  rapidly  absorbed  and  p-aminohippuric  acid 
(PAH) (50%  absorbion  in  21.7  minutes)  as  a  slowly  absorbed  compound.  The  mass 
median  aerodynamic  diameter  (MMAD)  of  amitrole  in  tnis  study  is  3.03  _^  0.09 
yUra.  Numerous  studies  on  inhaled  aerosols  in  humans  h^ve  indicated  good 
alveolar  penetration  is  achieved  if  droplets  have  a  oiameter  of  about  3yum  or 
less.  Kliment  has  compared  rat,  guinea  pig,  rabbit  and  man;  he  showed  that  the 
degree  of  similarity  in  these  species  is  high  for  deposition  *n  the  pulmonary 
region  of  the  lung  as  well  as  for  total  lung  deposition  (Brown.   R.A.  and 
Schanker,  L.S.,   1983)  •     This  study  demonstrates  that  amitrole  j s  rapidly 
absorbed  through  the  rat  lung.     One  can  conclude  that  due  to  the  i'ize  of  the 
droplet  and  the  similarity  of  deposition  within  the  lung  simile' r  absorption 
would  occur  in  man. 

2.  Dermal  Absorption  in  Rabbit 

Rapid  dermal  absorption  of  ^C-amitrole  occurs  in  the  rabbit.  Amitrole 
was  detected  in  the  blood  one  minute  after  cutaneous  application  (  1 . 1mg/kg  • 
b.w.).     After   15  minutes  the  order  of  penetration  into  the  blooc  of  the  six 
pesticides  studied  was  amitrole>carbaryl  r  parathion>malathion>DDT>dieldrin. 

A  tissue  distribution  study  showed  that  24  hours  after  topical  application 
amitrole  was  present  in  the  15  tissues  examined.     The  liver  contained   10%  and 
the  urine  26%  of  the  amitrole  assayed  in  the  tissues.     The  thyroid  was  not 
examined.  Moreover,  30%  of  the  applied  dose  was  absorbed.     (Shah,  P.V.  and 
Guthrie,  F.E.,   1977)     It  is  evident  that  amitrole  is  rapidly  absorbed  through 
the  skin  and  is  distributed  throughout  the  body. 

3.  Absorption  in  the  Gastrointestinal  Tract  of  Rat 

A  single  oral  dose  (3.3rag/kg  b.w.)  of  3-amino  1 , 2, 4-triazole-5-C1 4 
was  rapidly  and  almost  completely  absorbed  from  the  gastrointestinal  tract.  It 
wfs  distributed  throughout  the  body  and  was  present  in  12  out  of   >4  organs 
analyzed  one  hour  after  administration.     The  highest  levels  of  radioactivity 
i  ere  found  in  blood,  kidney,  heart  and  liver.     The  thyroid  was  not  analyzed, 
-iraitrole  was  not  found  in  fat  tissue  or  skin.     The  maximum  concentration  in 
most  vital  organs,  was  reached  within  one  hour  and  remained  at  approximately 
the  same  level  for  the  next  few  hours.     The  amitrole  levels  then  started  to 
decrease  and  with  the  exception  of  liver  reached  virtually  zero  ir  three 
days.     During  the  first  24  hours,  82%  of  the  radioactivity  was  detected  in  the 
urine  in  the  form  of  free  amitrole  and  two  other  metabolites.     The  liver  is 
the  site  of  metabolite-1-formation.     No  free  amitrole  is  present  in  the  liver 
after  24  hours.     The  removal  of  metabolite-1   from  the  liver  is  mucn  slower 
than  removal  of  amitrole.   (Fang,  S.C.  George,  M.  and  Vu,  T.C.,1964). 

It  should  be  noted  that  amitrole  is  quickly  distributed  throughout  the 
body.     The  deposition  and  metabolism  of  amitrole  in  the  liver  is  important,  as 
animal  studies  show  that  amitrole  induces  hepatomas. 
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VI.  ACTIVITY  IN  .'lORT-TERM  TESTS 

There  is  evidence  to  suggest  that  DNA  damage  is  involved  in  the  induction 
of  many  cancers.     Assays  for  mutagenicity  and  various  manifestations  of 
chromosomal  damage   in  organisms  ranging  from  bacteriophages  to  mammals,  all 
exploit  the  charac  .er LStic  ability  of  carcinogens  to  cause  DNA  damage  or 
chromosomal  anomalies  either  directly  or  indirectly.     "However,  some 
carcinogens  may  act  by  mechanisms  that  do  not  involve  DNA    damage  and  thus 
would  not  cause  such  genetic  effects"  p9  (IARC,    1982).     Moreover  some 
carcinogens  may  not  be  detectable  as  mutagens. 

"Certain  classes  of  compounds,  however,  may  not  be  detectable  as 
mutagens    even  with  improvements  in  in  vitro  activation  systems 
or  increased  sensitivity  of  genetic  indicator  organisms;  these 
appear  to  include  sex  hormones, thyroid  active  compounds,  tumor 
promoters,  and  physically  acting  agents."     (emphasis  added) 
p. 51  (Barts^h,  H.,  Toma;is,  L.  and  Malaveille,  C.  1982) 

It  is  not  surprising  then  that  as  a  chemical  which  exerts  some  of  its 
effects  on  the  thyroid,  amitrole  ha;-  not  always  given  positive  results  in 
short-term  tests.     However,  amitrole.  is  mutagenic  and  produces  chromsomal 
aberrations  in  fungii   (IARC,    1982).     Further  it  causes  morphological 
transformation  in  Syrian  hamster  eratryo  cells.     (Inoue,  K . ,  Katoh,  Y.  and 
Takayoma,  S.,   1981).     The  significance  of  this  morphological  transformation  is 
seen  in  the  production  of  carcinomas  in  hamsters  inoculated  with  cultures 
transformed  by  by  other  carcinogens  in  this  same  study  (Pienta,  R.J.,  Poiley, 
J. A.,  Lebherz,  W.B.,  III,  1977). 

A  number  of  short-term  tests  for'  carcinogens  employ  as  endpoints  certain 
markers  which  exist    in  prokaryotes  (e.g.  bacteria).     These  cells  do  not 
possess,  the  range  of  enzyme  systems  known  in  intact  mammals  to  metabolize 
unreactive  carcinogens  to  reactive  electrophiles .     Therefore,  it  is  often 
necessary  to  provide  an  exogenous  source  of  such  activity  in  the  form  of  a 
tissue  extract  or  an  animal  host.     Amitrole  gives  positive  results  in  the 
DNA-Cell-Binding  assay.     There  is  increased  attachment  of  DNA  to  intact 
Escherichia  coli  Q 1 3  in  the  presence  o.'  liver  extract  (Kubinski,  H.,  Gutzke, 
G.E.  and  Kubinski,  Z.O.,   1981).  Further,  amitrole  produces  a  mutagenic 
response  in  Salmonella  typhimurium  in  the  i.p.  host-mediated  assay.  Equimolar 
amounts  of  sodium  nitrite  plus  amitrol?  form  a  mutagenic  product  in  the  mouse 
stomach.     (Braun,  R.,  Schoneich,  J.  and  Ziebarth,  D.,  1977) 

However,  amitrole  is  not  mutagenic  in  the  Salmonella  assay,  Escherichia 
coli  pol  A  system  or  the  Drosophila  me: anogaster  (IARC,   1982).     Although  the 
evidence  for  amitrole  activity  in  short -term  tests  is  inadequate,  some 
positive  results  have  been  obtained.     1  lese  positive  results  should  not  be 
overlooked. 
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VII.  ANIMAL  STUDIES 

The  animal  studies  have  been  outlined  in  detail  in  Ta'Dle  I.  Amitrole 
induced  excess  thyroid  and  liver  tumors  in  both  mice  and  rats  following  oral 
or  subcutaneous  administration. 

A.  Mice 

Animals  fed  the  maximum  tolerated  dose  (1,000  to  2,192  ppm) 
developed  excess  hepatomas,  significant  at  0.0  I  level.  Thyroid 
tumors  were  induced  in  89?  of  the  mice  (Innes,  J.  et  al . 1969) .  At 
500  ppm,  361  of  the  males  and   18*  of  the  females  developed  benign 
and  malignant  liver  tumors.     No  thyroid  tumors  were  reported  as  the 
thyroids  were  not  examined  ( Vesselinovitch ,  S.D.,   1983).     In  the 
third  mouse  study,  animals  were  fed   1  ppm,   10  ppm  or  100  ppm  but  the 
unusually  high  number  of  tumors  seen  in  the  control  mice  rendered  it 
impossible  to  come  to  any  conclusions  about  the  effects  of  amitrole. 
(Steinhoff,  S.  et  al . ,  1983) 

B,  Rats 

Amitrole  at  500  mg/rat/day,  induced  thyroid  and  liver  tumors 
in    50?  of  the  animals.     (Napalkov,  N.P.,   1969  cited  in  IARC,  1974). 
Pellets  and  injections  induced  sarcomas  at  the  treatment  site  of  50%  of  the 
animals  (Napalkov,  N.P.   1969  cited  in  IARC,   1974).  Subcutaneous 
injections  of  amitrole  induced  thyroid  and  liver  tumors  in  71?  of  the 
animals  (Napalkov,  N.P.,   1962  cited  in  IARC,   1974).     At  10  or  50  ppm 
-.00  few  animals  were  at  risk  to  draw  any  conclusions.     At  100  ppm  in 
the  diet,  thyroid  adenomas  were  induced  in  65?  of  the  animals. 
(Jukes,  T.H.  and  Shaffer,  C.B.,   1960).   In  another  study  rats  were  fed 
Vppra  and   10  ppm  but  the  unusually  high  incidence  of  tumors  in  the 
control  rats  made  it  impossible  to  reach  any  conclusions.  Whereas, 
at  100ppm  there  was  a  distinct  increase  in  the  number  of  pituitary 
and  thyroid  tumors,  as  well  as  a  statistically  significant,  p  <  0.06 
decrease  in  lifespan.   (Steinhoff,   D.  et^  al . ,  1983) 

Two  studies  attempted  to  reverse  the  effect  of  amitrole.     In  the 
first  study,  T4  was  concurrently  fed  with  amitrole  and  there  appeared 
tc  be  a  decrease  in  thyroid  tumors  but  there  was  no  effect  on  the 
number  of  liver  tumors  induced  (Napalkov,   N.P.,   1969)-     The  second 
st.'dy  claimed  that  the  effect  of  amitrole,  enlarged  4  hyroids,  was 
reversed  when  the  animals  were  subsequently  placed  c-n  a  normal  diet. 
Ho  /ever,  the  gross  pathological  findings  showed  tha  .  7  weeks  after 
th^  animals  were  placed  on  the  control  "iiet  795  ha^  enlarged  thyroids 
(H.jzelton,  Laboratories,  1959). 

C.  Hansters 

There  was  a  statistically  significant,   p_<_0.0002    shortening  of 
haaster  lifespan  in  animals  fed   100  ppm  amitrole.   (Steinhoff,  D. 
et  al.,1983). 
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Summary 

It  is  clear  that  only  in  the  studies  with  poor  experimental 
design,  that  is  too  few  animals  at  risk,  controls  with  unusual  high 
incidence  of  tumors  or  statistically  significant  lif.-span  shortening, 
were  the  induction  of  tumors  by  amitrole  inconclurj  /e.     In  all  other 
studies  an  excess  of  t  ivroid  anj/or  liver  tumors  were  produced  by 
amitrole. 
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VIII.     HUMAN  STUDIES 

There  have  been  three  hi  man  studies  in  occupationally  exposed  groups,  two 
were  retrospective  studies  o.    railroad  workers  and  the  third  an  exposure 
assessment  and  medical  monitoring  study. 

A.     Herbicide  Exposure,  Mortality  and  Tumor     Incidence  in  -Swedish 
■Railroad  Workers. 

A  retrospective  study  of  a  cohort  of  348  railroad  workers 
exposed  to  amitrole  for  more  than  45  days,  sometimes  in 
combination  with  3-( 3» 4-dichlorophenyl )-1 ,  1-dimethylurea 
(diuron)  and  to  some  extent  with  3-(p-chlorophenyl ) -1 , 
1-dimethylurea  (raonuron)  was  carried  out.  An  open  wagon  on  a 
track  was  employed  for  amitrole  spraying.  This  combination  of 
herbicides  confuses  the  evaluation  of  the  relationship  between 
amitrole  exposure  and  the  excess  tumor  incidence.  However 
within  this  group  in  the  follow-up  period  of  5  or  more  years 
after  initial  exposure  7  cancers  at  a  variety  of  sites  were 
observed,  whereas  only  1.9,   (p  < 0 . 0 1 )  were  expected  from  the 
national  experience.    Within  this  time  frame  there  were  4  deaths 
observed  from  all  tumors  whereas   1.11,(p  <0.03)  were  expected. 
There  were  two  deaths  due  to  lung  cancer  included  in  the 
amitrole  cohort  and  both  men  were  smokers.     The  authors  were 
aware  of  the  limitations  of  this  study  and  stated  the  results 
were  in  agreement  with  animal  data  and  suggested  precautions  in 
using    amitrole  (Axelson,  0.  and  Sundell,  L.  1974). 


B«  Herbicide  Exposure  and  Tumor  Mortality,  An  Updated  Epidemiologic 
Investigation  on  Swedish  Railroad  Workers. 

The  study  described  in  section  A  above  was  followed  for  six 
additional  years.    Within  the  amitrole  in  combination  possibly 
with  monurone  and/or  diurone  exposure  cohort,  5  deaths  due  to 
tumors  at  various  sit* s  were  observed  whereas  3*34  were  expected. 
There  were  7  cancers  3t  a  variety  of  sites  and  the  average 
latency  time  from  exposure  to  the  year  of  diagnosis  was  11.4 
years.     Therefore  tb.?re  were  an  excess  of  deaths  caused  by  a 
variety  of  tumors.     Due  to  the  possible  exposure  to  several 
herbicides  it  is  nc  c  possible  to  evaluate  the  observed  excess 
tumor  incidence  as  clearly  caused  by  amitrole  exposure 
(Axelson,  0.  et  ax.  1980). 

C.  Assessment  of  Exposure  and  Medical  Monitoring 

At  the  request  of  Union  Carbide  Agricultural  Products 
Company,  Inc.  Dynamac  Corporation  studied  5  applicators  with  an 
exposure  time  of  2.36  hr/day  over  a  period  of  10  work  days.  The 
crew  members  rotated  jobs:     driver  helper-1,  sprayer-1,  helper-2, 
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and  sprayer-2.  The  team  was  trained  h\*  Mr.  Roy  Johnson  of  Union 
Carbide.     Amitrole  w  ,s  applied  by  rae  ;  on  foot,  using 
hand-held  sprayguns .     Dermal  exposure  was  estimated  by  placing 
multi-layered  pads  at  locations  representing  different  body 
areas:  face,  neck,>.iest,  abdomen,  arms,  .shoulders  and  legs.  The 
amitrole  was  ext;  acted  from  the  pads  and  quantitated  b>  a 
colorimetric  method.     The  exposure  averag?  was  340  rag/m. an/day  for 
the  10  days,  thi'.  can  be  expressed  as  4.86  rag/kg  b.</.  Vhe 
efficacy  of  protective  clothing  was  determined  from  the  total 
amount  of  residue  in  the  various  layers  of  the  pads.     The  pads 
consisted  of  an  external  layer  of  medium-weight  clo'h,  middle 
layer  of  light-weight  cloth  and  an  inner  la^er  of  oC.-  cellulose. 
The  external  layer  was  used  to  determine  the  efficac'  of 
protective  clothing  and  the  middle  layer  to  estimate  penetration 
through  protective  clothing  to  work  clothing.     The  inrer  layer 
was  used  to  estimate  penetration  through  2  layers  of  clothing. 
Total  residues  in  the  3  layers  were  taken  to  represent  exposure 
of  unprotected  skin.     The  risk  assessment  for  protective  clothing 
was  based  upon  exposure  to  applicators  wearing  a  work  siirt  over 
a  light  shirt  and  coveralls  over  light  trousers,  in  this 
situation  men  were  exposed  to   134  mg/day.     This  amitrole  residue 
level  was  the  sum  of:     "All  head  pad  layers,  inner  laye-s  of 
upper  torso  pads,  middle  and  inner  layers  of  forearms  puds  and 
inner  layers  of  leg  and  ankle  pads"(Union  Carbide,  1984;. 
The  risk  assessment  based  upon  applicator  exposure  with  . 
protective  work  clothing  and  30%  dermal  absorption  based  on 
the  rabbit  dermal  absorption  study  (Shah.P.V.  and  Gutherie, 
F.E.   1977)  was  very  high,  0.028. 

Thyroid  function,  as  measured  by  circulating  thyroid  and 
pituitary  hormones  appeared  to  be  a  suitable  criterion  for  the 
short-term  toxicological  effect  of  amitrole.     This  study  showed  a 
change  in  the  level  of  TSH  in  the  expected  direction,  an  increase 
of  almost  30%.     However,  the  number  of  subjects,  the  length  of 
exposure  and  the  length  of  follow-up  are  inadequate  to 
demonstrate  statistical  significance.     Likewise  the  statistical 
power  of  this  study  is  far  too  low  to  rule  out  an  effect  on 
thyroid  function.     Thus,  the  two  epidemiological  studies  were 
inconclusive.     The  exposure  study  showed  a  high  risk  to 
applicators  and  could  not  rule  out  an  effect  on  thyroid  function. 
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IX.      RISK  ASSESSMENi 


Ve  have  reviewed  a  large  body  of  expei  imental  evidence  on  amitrole  including 
evidence  on  its  performance  .n  short-t  rm  carcinogen  assays,  and  a  number  of  bio- 
assays  in  order  to  answer  the  following  questions:    1)  Is  amitrole  carcinogenic?; 
2)  Is  amitrole  likely  to  be  a  carcinogen  in  humans?;    3)  What  are  the  chances  of 
developing  tumors  among  persons  .  x posed  ^.o  t>pical  doses  in  controlling  weeds? 

In  doing  so,  it  was  necessary  to  consider  a  number  of  scientific  questions  in- 
volving general  principles  of  carcinogenesis,  and  the  mechanisms  of  neoplastic 
transformation.    A  number  of  arguments  in  'his  area  have  been  raised  by  proponents 
of  the  use  of  amitrole.    In  Part  A,  we  address  the  general  questions,  and  specific 
arguments.    In  Part  B,  we  make  an  estimate  of  the  carcinogenic  effect  of  exposure 
to  amitrole  at  levels  typical  of  those  to  wnich  humans  are  exposed. 
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GENERAL  SCIENTIFIC  PR1M1IPLES  AND  MECHANISMS  OF  CARCINOGENICITY: 

1 .  Carcinogenicity  of  Ami trol e . 

A  wide-range  of  experiments  show  unequivocally  that  amitrole  is  a  car- 
cinogen.   Amitrole  caused  benign  and  malignant  tumors  in  a  rai  ge  of  laboratory 
animals  including  mice,  and  rats.      The  amitrole  was  administered  mainly 
in  the    iet,  but  also  in  water,  and  in  some  cases,  by  subcutaneous  injection  and 
pellet  implantation.    The  most  common  tumor  types  to  appear  were  liver  and  thyroid, 
but  some  were  induced  at  a  range  of  additional  sites.    Details  are  given  in 
sections  rI  and  VII,  and  in  Table  I. 

Amitrole  was  tested  in  a  number  of  short-term  assays  for  presumptive  car- 
cinogenicity, with  positive  results  in  the  majority  of  tests.    It  was  mutagenic 
and  producec  chromosomal  aberrations  in  fungi.    Additionally,  it  transformed 
cell  culturts  taken  from  Syrian  golden  hamsters;  it  caused  increased  binding 
of  DNA  to  intac;  bacterial  cells  in  the  presence  of  rat  liver  extract;  it  produced 
positive  .resul ts  in  both  in  vitro  and  combined  in  vivo  and  in  vitro  cell  trans- 
formation syitems.    Amitrole  tested  negatively  in  the  salmonella  assay  for  point 
mutations.    Details  are  presented  in  section  VI. 

2.  Type  of  Carcinogen  and  Mechanism  of  Action. 

Proponents  of  the  use  of  amitrole  have  contended  that  its  carcinogenic 
activity  is  dua  entirely  to  its  interference  with  the  synthesis  of  T3  and  T4  . 
According  to  tiis  view,  the  cancers  result  from  the  consequent  overstimulation 
of  the  thyroid  and  pituitary  glands,  i.e.,  from  an  attempt  by  the  body  to  com- 
pensate for  th(  low  levels  of  the  thyroid  hormones.       High  rate<  of  cell  pro- 
liferation are  known  to  be  factors  in  the  induction  of  some  car  ers.  The 
evidence  concerning  the  mechanism  of  action  for  amitrole  is  discussed  in  section 
III . 

For  our  purposes,  the  crucial  point  is  that  proponents  of  amitrole  use 
contend  that  this  indirect  method  of  action  is  the  only  way  in  which  amitrole 
causes  cancer,  and  that  cancer  induction  by  this  method  has  a  threshold.  That 
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is,  at  sufficiently  low  doses,  .here  will  be  no  overstimulation  of  the  thyroid 
and  pituitary,  and  therefore,  no  risk  of  cancer  induction.    Further,  it  is  con- 
tended that  this  threshold  is  in  the  neighborhood  of  50  ppm  feeding  (or  24  mg/M'1 
daily  dose)  for  rats,  as  this  is  the  dose  at  which  no  excess  tumors  are  detected 
in  some  bioassays. 

It  is  the  overwhe1 ming  consensus  of  scientists  that  thresholds  cannot,  in 
general,  be  determined  for  carcinogens,  and  even  small  exposures  carry  excess 
cancer  risks  with  them  (IRLG,  1979).    This  conclusion  is  based  on  several  types 
of  observations.    Most  important  of  these  is  that  dose-response  curves  for  car- 
cinogens are  "stretched  out"  over  many  orders  of  magnitude,  i.e.,  the  dose  at 

5 

which  most  subjects  develop  cancer  may  be  a  factor  of  10    greater  than  the  dose 
at  which  cancer  first  appears.    In  some  instances,  subjects  will  not  develop 
cancer,  regardless  of  the  dose.    This  is  in  sharp  contrast  to  the  situation  for 
many  other  toxic  effects  where  all  subjects  are  affected,  and  usually  at  a  dose 
2  to  10  times  that  of  the  dose  at  which  the  first  subjects-are  affected.  There 
is  overwhelming  agreement  on  the  no  threshold  principle  for  complete  or  initiating 
carcinogens.    For  many  carcinogens,  scientists  have  contended  that  certain  sub- 
stances, usually  "indirect  acting  carcinogens,"  "late  stage"  carcinogens  or  "non- 
genotoxic  carcinogen?,"  work  in  a  fundamentally  different  mannner,  and  therefore, 
obey  the  threshold  principle;  i.e.,  a  no  effect  level  can  be  determined  for  these 
substances . 

Concerning  the  regulation  of  amitrjle,  we  emphasize  the  following:  first, 
many  scientists  do  not  think  it  is  nov  possible  to  distinguish  between  carcin- 
ogens which' do  or  do  not  obey  the  threshold  principle,  and  -some  think  that  there 
is  no  such  underlying  distinction  (Weinstein,  I.  B.,  1983).   In  many  cases,  sub- 
stances act  as  early  stage  carcinogens  in  one  system,  but  as  late  stage  carcin- 
ogens in  others  (Day,  W.  ,  and  Brown,  C.  ,  1  980).    Second,  in  causing  tumors  at 
the  liver  and  organs  other  than  the  thyroid  and  pituitary,  amitrole  in  all  respects 
acted  as  a  classical,  complete,  direct  acting  carcinogen.    It  caused  mutations, 
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and  chromosome  abnormalities  in  short-term  tests.    T! ■ s  indicates  that  amitrole 
is  probably  genotoxic,  a  characteristic  generally  ascr  bed  to  direct  acting 
carcinogens.    Moreover,  it  caused  tra  iformation  in  cell  culture,  a  system  in 
which  i;  is  not  likely  that  thyroid  hormones  are  present,  and  in  which  the 
proposed  indirect  mechanism  probably  would  not  be  operative.    All  plausiole 
indirect  mechanisms  of  carcinogenesis  involve  hyperstimul at  ion  of _ce:l 
proliferation,  a  process  which  probably  would  not  be  involved  in  any  of  the 
in  vi tro  assays . 

More  crucial  in  this  case,  is  the  overwhelming  evidence  'hat  amitrole 
causes  tumors  by  direct  action  at  the  liver  and  other  sites.     It  is  the-efo-e, 
not  necessary  to  look  in  detail  at  the  indirect  mechanism.    Liver  tumors  were 
produced  in  almost  every  bioassay,  generally  with  a  frequency  similar  to  that 
of  tyroid  tumors.     In  one  bioassay,  about  half  the  mice  had  both  liver  and 
thyroid  tumors  (Inness,  J.  et  al . ,  1969).    Since  the  liver  is  not  an  endccrine 
organ,  the  indirect  mechanism  cannot  operate.    Moreover,  amitrole  does  not 
overly  stimulate  cell  proliferation  in  the  liver.    The  only  plausible  ind.rect 
methods  of  carcinogenesis  are  hormonal  carcinogenesis  or  some  other  method  of 
overstimul ati ng  cell  proliferation. 

Most  importantly,  thresholds  cannot  be  determined  from  typical  bioassays. 
Proponents  of  the  use  of  amitrole  have  claimed  that  negative  results  in  two  bio- 
assays  indicate  that  amitrole  has  a  threshold  at  a  dose  level  somewhat  below  100 
ppm  (approximately  5mg/M^  per  day).    But,  neither  bioassay  supports  this  con- 
clusion.    1 n  a  typical  bioassay  (with  100  subjects  and  100  controls)  and  5% 
background  tumors,  cancer  would  have  to  be  induced  in  about  15%  of  the  previously 
tumor  free  animals  in  order  to  have  a  reasonable  chance  of  detection.     In  the 
study  reported  by  Jukes  (Jukes,  B.,  Shaffer,  C,  1960),  only  30  experimental 
animals  lived  long  enough  to  be  at  risk.    Projecting  from  the  Vessel i novi tcr 
Study  (Vessel  inovitch,  S.,  1983),  we  would  expect  only  1  a«:di t'ional  cancer  in 
this  group.    Based  on  these  principles,  the  number  of  animals  at  risk  is  far  too 
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small  to  be  detected. 

In  the  other  set  of  b  oassays  cited  for  this  purpose,  the  three  performed 
by  Steinhoff  (Steinhoff,  D.  ,  et  al .  1  983),  many  factors  make  it  impossible  to 
use  them  fv.r  determining  a  "'ireshold.    First,  the  proportion  of  controls  with 
tumors  was  in  the  vicinity  of  40%;  on  purely  statistical  grounds  the  high  number 
of  background  tumors  makes  cancer  detection  ve^y  difficult.    In  a  typical  bio- 
assay,  che  proportion  of  animals  with  turners  would  have  to  be  twice  as  big  to 
be  detected  when  the  Steinhoff  procedure  is  followed  compared  to  the  typical 
case  with  5%  or  fewer  background  tumors.    Additionally ,  the  incremental  effect 
of  a  given  dose  tends  to  be  much  lowjr  at  h.gher  doses.    This  is  a  special  case 
of  the  flattening  effect  discussed  below.    Also  in  the  bioassay  with  the  rats, 
there  is  evidence  of  a  trend  of  increasing  tur.ors  with  increasing  dose  starting 
at  1  ppm.     Finally,  in  another  bioassay,  tumors  w?re  produced  with  feeding  at 
60  ppm  (Food  and  Drug  Research  Laboratories,  Inc.,  1981). 
3 .    Applicability  of  Experimental  Results. 

Proponents  of  amitrole  have  questioned  the  applicability  of  the  bioassay 
results  on  a  number  of  grounds  -  generally  involving  the  liver  tumors.    We  think 
that  all  these  grounds  are  invalid.    One  claim  is  that  the  liver  of  mice  and/or 
rats  is  a  specially  susceptible  organ.    This  claim  has  been  overwhelmingly  con- 
tradicted by  a  massive  body  of  evidence.    Substances  that  cause  liver  tumors  in 
mice  and  rats  generally  cause  tumors  in  all  species  tested  (e.g.,  hamsters, 
guinea  pigs,  cats),  and  cause  tumors  at  many  sit.es  other  than  liver  (Tomatis, 
et  al_.  1  973) . 

Another  objection  is  that  liver  tumors  appealed  at  very  high  doses,  i.e., 
near  the  maximum  tolerated  dose  (MTD).    In  fact,  it  is  more  difficult  to  produce 
tumors  at  such  high  doses  than  at  lower  doses  because  of  competing  causes  of 
death.    In  part,  in  many  experiments  performed  at  such  doses,  no  tumors  are  pro- 
duced, even  in  cases  where  tumorr,  appear  at  lower  doses.    There  is  no  evidence 
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f."  a  sharp  jump  in  the  res/onse  at  high  doses  aj  is  claimed  by  sone. 

inally,  excess  tumors  were  found  at  doses,  a  factor  of  10  lower  in  the  bio- 
a  .say  by  Vessel i novi tch  (Vessel inovi tch ,  1  983). 

A  third  objection  is  that,  some  agents  cause  only  benign  tumors  t\t  the 
liver,  and  should  be  classified  as  tumorigens  rather  than  as  carcinogens.  This 
claim  is  contradicted  by  Foulds'  general  laws  of  cancer  progression,  and  by  a  wide 
body  of  evidenc    showing  that  carcinogen  induced,  benign  tumors  freauently  develop 
into  full  blown  malignant  tumors,  often  without  addition  of  any  further  carcinogens 
(Foulds,  L.,  1961)-    All  malignant  tumors  have  passed  through  a  benign  stage. 
Many  benign  tumor"  progress  to  malignancy  even  without  the  administration  of 
further  carcinogens,    further,  if  a  carcinogen  contributes  only  to  the  early 
development  of  a  ca.icer,  it  could  still  be  a  dangerous  agent,  adding  much  to  the 
cancer  burden  (Whit^emcre,  A.,  1  977  ;  Day,  W.,  and  Brown,  C,  1  980;  Farber,  E., 
1  984)  . 

A  fourth  possible  objection  is  that  the  sarcomas  could  have  been  induced  by 
a  plastic  pellet  alone,  without  the  inclusion  of  amitrole.  But,  control  animals 
with  only  the  plastic  pellets,  developed  no  tumors. 

RISK  ASSESSMENT  AND  JUSTIFICATION: 

In  general,  the  tioassays  on  amitrole  present  insufficient  evidence  for 
use  in  a  quantitative  r^'sk  assessment.    The  most  important  disqualifying  factor 
is  that  the  doses  administered  were  so  high  as  to  be  on  the  flat  part  of  the 
dose-response  curve,  i.e.,  where  dose  increments  produce  no  or  much  less  tnan 
proportional  increments  in  the  portion  of  animals  with  tumors. 

Put  in  slightly  d  fferent  terms  -  it  is  typical  for  carcinogenesis  dose- 
response  curves  to  go  through  a  linear  and  a  flat  portion;  on  the  flat  portion 
a  major  increment  in  dcse  causes  little  change  in  the  portion  of  subjects 
developing  cancer.    For  example,  in  a  typical  vinyl  chloride  bioassay,  17"  of 
the  arimalj  might  deve'op  tumors  at  .1  ppm  exposure,  28%  at  -1  ppm,  and  55%  at  100 
ppm  and  1,000  ppm  (Maltoni,  1975).      The  possible  reasons  for  the  flattening  include 
competition  between  ce" 1  killing  and  transformation  by  the  carcinogen,  general 
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1  i  r"e  shortening  by  the  carcinogen,  and  coupled  competing  risks  from  carcinogens 
induced  causes  of  death  other  than  cancer  (Swartz,  J.,  Riddiough,  C,  and 
Epstein,  S.,  1982). 

Risk  assessments  can  be  performed  with  a  degree  of  confidence  only  if  many 
data  points  are  available,  or  if  there  is  some  additional  evidence  of  ^eing  on 
the  linear  portion  of  the  curve.    It  is  lot  possible  to  make  a  risk  assessment 
using  any  other  technique  without  two  or  more  data  points. 

It  has  been  demonstrated  that  risk  assessments  made  by  linear  extrapolations 
(i.e.,  using  the  one  hit  or  one  stage  model )  from  high  dose  often  underestimate 
the  cancer  risk  at  lower  doses  (Swartz,  J.,  Riddiough,  C,  and  Epstein,  S.,  1  982). 
In  a  substantial  number  of  cases,  this  underestimate  is  by  a  factor  of  100  or  more. 

In  the  bulk  of  the  amitrole  bioassays,  the  dose  was  so  high  that  the  exposed 
animals  had  a  shortened  lifespan,  and  coupled  competing  risks,  e.g.,  in  the 
Inness  experiment  many  of  the  mice  that  developed  liver  tumors  also  developed 
thyroid  tumors.    These  experiments  were  carried  out  at  doses  on  the  flat  portion 
of  the  curve,  and  cannot  be  used  for  risk  assessment. 

A  weakness  of  one  bioassay  (Jukes,  T.,  and  Shaffer,  C,  1  960),  was  the  small 
number  of  animals  at  risk.    In  this  case,  the  number  was  too  small  to  use  for  the 
detection  of  excess  cancer.    Even  more  animals  are  required  to  produce  an  accurate 
risk  assessment  because  it  is  then  necessary  to  discern  trends  in  the  proportion 
of  animals  with  tumors.    Only  the  Vessel i novi tci  bioassay  is  likely  to  be  useful 
for  making  a  risk  assessment. 

Below  we  briefly  detail  the  weaknesses  of  these  experiments. 

A.  Inness  et  al . ,  1 969  -  Dose  ised  was  the  MTD;  many  animals  developed  both  thy- 
roid and  liver  tumors;  over  50%  of  the  animals  developed  tumors.    The  one  dose 
used  was  on  the  flat  part  of  the  curve. 

B.  Jukes,  T.,  and  Shaffer,  C,  I  960  -  At  the  highest  dose,  about  75%  of  the 
animals  developed  tumors.    This  means  this  dose  was  on  the  flat  portion  of  the 
curve.    At  lower  doses,  only  a  total  of  30  animals  were  at  risk. 
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C.  Napalkov,  N . ,  1  969  -  About  50%  of  the  animals  at  risk  de>  iloped 
tumors;  dose  was  close  to  MTD.    Dose  was  on  flat  part  of  the  -j  rvo. 

D.  Steinhoff ,  L .  ,  et  al . ,  1 983  -  There  were  1  ..ckground  tumors  in  about  50% 
of  the  controls,  there  was  major  1 i feshorteni ng  for  hamsters. 

Only  in  tie  case  of  the  Vessel i novi tch  study  is  there  any  reasonable  ch.  nee 

of  making  a  quantitative  risk  assessment.    The  dose  administered  to  the  mice, 
2  2 

500  ppm    (2.6x10    mg/M    per  day),  is  an  order  of  magnitude  below  the  dose  adm'n- 
istered  in  other  bioassays  where  liver  tumors  were  observed.    Because  .  f  the  un- 
resolved questions  concerning  the  mechanism  of  thyroid  and  pituitary  tumor  in- 
duction, we  did  not  attempt  to  use  data  oh  tumors  in  these  organs  for  risk  asses. 
ment.    Liver  tumors  were  observed  in  36%  of  adult  males  and  18%  of  adult  females 
Approximately  50  of  each  species  survived  long  enough  to  be  counted.  Tumor 
incidence  in  the  controls  was  negligible.    Hepatocellular  carcinomas  and  hepat- 
ocellular adenomas  were  combined  for  purposes  of  the  risk  assessment.    The  majori  :y 
of  the  tumors  were  carcinomas. 

For  all  our  calculations,  we  calculated  dose  on  the. basis  of  dose  per  surface 
area  per  day.    Species  to  species  comparisons  are  all  made  using  this  presumed 
equivalent  unit.    Many  studies  have  shown  that  dose  expressed  as  weight  of  toxic 
substance  administered  per  surface  area  per  day  gives  results  which  are  most 
equivalent  for  differ-jnt  species  for  a  range  of  toxic  effects,  including  cancer 
(Rail,  D . ,  1  969).    Tne  only  better  extrapolation  rule  requires  data  for  two  or 
more  species  under  ..imilar  experimental  conditions.    These  are  data  which  are 
unava'lable  for  t*  is  study.    Some  investigators  have  also  suggested  that  dose 
measured  on  a  per  lifetime  basis  in  cancer  bioassays  is  a  better  measure  than 
daily  dose  for  extrapolation  between  species.    This  is  an  unresolved  issue.  It 
is  important  to  note  that  the  use  of  lifetime  dose  would  produce  higher  risk 
estimates  for  humans.    We  do  present  results  in  Table  II,  using  a  total  of  four 
extrapolation  rules,  combinations  of  dose  per  bodyweight,  dose  per  surface  area, 
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with  dose  per  day,  and  dose  per  1  ft'ine.    We  reiterate  that  given  present 
knowledge,  the  dose  per  surface  arta  per  day  gives  the  best  results. 

Because  of  the  relatively  low  Loses  and ■ proportion  of  animals  with  tumors, 
(compared  to  experiments  with  dose  ;>•.;  MID),  we  consider  it  possible  to  try  to 
perform  a  risk  assessment  from  the  Vessel i novi tch  data.    In  particular,  we  think 
it  feasible  that  the  500  ppm  dose  used  ty  Vessel inovi ten  could  be  on  the  linear 
portion  of  the  _urve.    All  calculations  are  based  on  making  a  downward,  linear 
extrapolation  through  the  origin,  i.e.,  uring  the  linear  or  one  hit  model.  The 
justification  for  use- of  this  model  is  that  the  relatively  low  doses  and  pro- 
portion of  responders  suggest  that  this  data  point  could  be  on  the  linear  portion 
of  the  curve.    We  used  the  one  hit  model,  which  is  a  special  case  of  the  multi- 
stage or  Weibull  model  because: 

The  multistage  model  has  the  best  biological  base  and  the  best  experimental 
verification  of  all  the  models  used  for  risk  assessment  ard  downward  extra- 
polation; there  are  insufficient  data  points  to  use  ancther  model  or  another  form 
of  the  multistage  model  -  the  one  hit  model  requires  only  one  data  point.  The 
calculation  is  straightforward.    The  fraction  of  subjects  with  tumors  is  directly 
proportional  to  the  dose  administered,  with  the  exception  of  doses  where  the 
response  is  very  high.    At  this  point,  the  probability  of  developing  a  tumor  is 
i-e"a^  where  D  is  the  dose  and  a  is  a  constant. 

The  exposure  levels  were  taken  from  field  studies  b\  Dynamac  Corporation  for 
a  simulated  applicator.    General  exposure  was  estimated  ty  measuring  the  amitrole 
in  pads  attached  to  the  clothing.    We  assumed  that  all  si  jnificant  exposure  is 
dermal.    Calculations  were  performed  for  4  sets  of  conditions  as  follows: 
1)  with  or  without  specially  protective  clothing;  2)  full  dermal  absorbtion 
or  30%  absorbtion. 

The  results  are  presented  in  Table  III.    The  projected  human  lifetime  risks 
range  from  0.31,  the  worst  case  in  whic^  rerjlar  clothing  is  worn,  and  100%  dermal 


absorption  is  assumed,  to  a  low  of  .028,  in  which  protective  clothing  is  wcrn, 

and  30%  lernral  absorption  is  assumed.    Lifetime  excess  risk  calculations  are 

-2  2 

included  for  three  additional  doses  down  to  10     mg/M    per  day.      These  risks 

are  high,  but  the  exposure  even  to  applicators  trained  by  Union  Carbide  for  :his 

study  is  very  high.    This  extremely  high  risk  exists  whether  the  applicators 

wore  standard  or  protective  clothing.    Risks  accordingly  would  be"  much  1  owe  ."for 

persons  with  incidental  contact  with  amitrole. 

Our  risk  estimates  are  cf  the  same  order  of  magnitude  as  those  made  by  EPA 

-1  -3 

using  the  one  hit  model;  i.e.,  10      to  10      range  (E.P.A.,  1  984).    The  EPA  based 
its  risk  assessment  on  an  issay  in  which  only  thyroid  tumors  were  observed.  As 
explained  above,  we  though',  it  inappropriate  to  base  our  risk  estimates  on 
thyroid  tumors  alone. 
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X.   PERSISTENCE  IN  SOIL  AND  WATER 

The  use  of  amitrole  for  vegetation  manage  lent  requires  critical 
examination  of  resulting  envin  nmental  persist  ^nc  >  and  contamination. 

It  is  known  that  amitrole  will  persist  in  soj.1  for  several  weeks 
(National  Toxicology  Program,   1983).    Microbial  breakdown  occurs  in 
approximately  2-3  weeks  in  moist,  warm  soil.     The  losses  due  to 
photo-decomposition  and/or   /olatization  are  minor.     Therefore,  tie  resultant 
average  persistence  at  the  recommended  application  rate  is  appro imately  2-4 
weeks  (Weed  Science  Society  of  America  cited  in  Toxicology  Lita  Lank). 
Experiments  with  labelled  amitrole  confirmed  this  persisrence.  A 

half-life  of  about  8  days  was  determined  with  level;   decreasing  to 
nondetectable  in  approximately  6  weeks  (Kearney,  P.C.  and  Kai'fman,  D.,  1975 
cited  in  Toxicology  Data  Bank).     EPA  states  that  amitrole  exhibits 
intermediate  soil  mobility  and  is  persistent  in  hydrosoil  (EP-  ,  March  1984). 

It  is  of  concern  that  amitrole  persists  in  water  for  more  than  200  days 
(IARC,    1974;  National  Toxicology  Program,   1983).     The  EPA  state-,  that  amitrole 
is  persistent  in  water.     Moreover,  as  amitrole  is  soluble  in  water,  it  is 
transported  in  irrigation  water  (EPA,  March  1984).     There  is  also  the 
additional  potential  of  groundwater  contamination. 

Therefore,  when  amitrole  is  applied  it  should  be  remembered  that  it  will 
remain  in  the  soil  for  approximately  a  month  and  in  the  water  for  almost  seven 
times  as  long. 
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